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Summary 
Thi s note describes a simple and inexpensive method for de-
termi n i ng the deflection of propeller blades under operating 
loads. Both t he centrifugal force and air fo rce loads are ap-
plied s tatically as a number .of con centrated loads by means of 
wei ghts and ires. Two methods of attaching the wires to the 
prope l ler blades have been tested, b oth g iving approximately the 
same deflections . The me thod is considered useful f or studying 
the def lections of p ropellers of diff erent shapes under various 
operating conditions . 
I ntroduction 
Aeronautical propeller s deflect when operating. In fact , 
for every d i ff erent condition of op eration, i .e., every comb ina-
tion of air speed, revolutions, a l titude, et c., a propeller has 
a s onewhat d ifferent shape. Th is is b ecause the centrifugal 
f orce and air force loads , which prouuce the deflections, vary in 
magn i tude individually and in relation to each other. The great-
est deflections take the f orm of a bending and a twisting of the 
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propeller blades, both of which are an indication of stresses in 
the material~ The twisting, however, also affects the pitch of 
the propel l er and consequently its aerodynamic performance. A 
knowledge of the def lections is therefore of interest both from 
the aerodynrunic and the structural points of view. 
Unfortunately, the stresses in a propeller are of so compli-
cated a nature that it is p racticall y impossible to calculate 
either the stresses or deflections with any degree of accuracy by 
means of methods known at the present time . This makes experi-
mental methods necessary in order to study deflections. A simple 
method has been devised in which both the air load and the load 
due to centrifugal force are appl ied to a propeller blade stat ic-
ally by ~ eans of weights, and a description of crude apparatus 
wh ich lJvas used for a preliminary tria l of the method is given in 
this paper . 
The material in wooden propellers is not uniform in strength 
or stiffness, one blade often deflecting in an entirely different 
manne r f rom the other on the same propeller. For this reason the 
method i s applied only to metal propellers which have a unifonn , 
hom o geneous s tructure. 
Explanation of M.ethod 
Since a propeller blade always has a smoothly varying or 
fair shape, the air load and the load du e to centrifugal fo rce 
are of course continuous al ong and across the blade. In the 
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static l oading test these are approximated by a number of concen-
trated loads applied by means of weights, and the larger the num-
ber of concentrated loads, the more nea rly conditions approach 
the actual . 
As the tota l centr i fuga l force is very great in most metal 
propeller bl ades (20 , 000 to 80,000 pounds), it is impractical to 
test the full-size propellers. How~ver, the centrifugal forc e 
decreases rapidly as the diameter i s made s:naller; even if the 
revolutions are increased s o that the t ip speed is the same, the 
centrifugal f orce varies as the square of the diameter. Now, if 
a full-sized propeller and a model are ge ometr ically similar, both 
as to the i r external shape and the structure of the material, the 
respective stresses in eac h will be the same when they are run 
at the same tip speed and rate of advanc e per revolution, in air 
of like density. The stresses at respective points of the pro-
peller and model being the sa~e, the relative deflections will 
also be the same (proof in Reference 1). Thus by loading a model 
as if it were running at the same tip speed and rate of advance 
as it s fUJ_l-sized propelier , the deflections for the full-sized 
p ropeller can be ascertained . 
Application of Loads 
For the purpose of applying the loads the propeller blade is 
divided i nto ten or more se@,-ments, and the resultant air fo rce 
and t he resultant centr i fuga l f orce f or each d ivi sion are applied 
J 
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as concentrated loads . Th e air force s are f ound by noons of a 
standard aorodynrun i c analysis, care be ing taken that the airfoil 
characteristics inc l uding the centers of pressure are correct fo r 
the particular speed of each section of the propeller . 
Th e re sultant aj.r load for a typ ical segment is shown dia-
grammatically i n Fi gure I -A . The r esultant centrifugal fo rce 
f o r the se@TIent acts through t he center of gravity along a radial 
1 ine perpendi cula r to the propeller axis, and in the case of the 
d iag ram it is taken to be pe r pend i cul ar to the plane of the paper . 
Two d i ff erent r:1Ctl1ods f or applyin g the loads have been tried . 
I n one of these , illust rated i n Figure I-B, small holes are 
drilled i n the p ropeller blades at the points of application. 
For the a ir load a wire with one end upset is slipped through 
the hole a nd run over a pulley, which holds it at the correct 
a ngle, to a suitable weight . The c entr i fu gal load is applied b y 
means of another wire (A, B, Figure I-B), both ends of which are 
jo ined t ogether to f orm a s ingle wire b eyond the tip of the pro-
pe ller, thi s sine;le wire ru;mi ng over a pulley and ~lOlding up a 
weight representing the t otal centrifugal force for the segment. 
This method i s qU ite s i mple but has .the obvious disadvantage that 
the propel l er b l ade i s changed sli ghtly by the holes . Also, the 
loads a re app lied extremel y l ocall y and this undoubtedly affec ts 
the def l ection s ome'. hat . I t i c ::'10t considered serious, however, 
f or the largest part of the stress at a section i s due to all of 
th e loads b et1 een it and the tip of the blade, and no t to the 
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immed i ate f orces on the section itsel f . 
In the s econd method the load is applied at many more po ints 
on each section with no appreciable mutilation of the blade. A 
clamp i s us ed as shown i n F i gure I-Oj which i s fitt ed with a num-
be r of point ed set screws. The cl runp i s placed over the section 
so that the c ente r of grav it y of the s ection lies on a straight 
I ine b etween holes A and B and equidistant from them, and the 
so t screws a re t urned dQ1,~m until they just press on the sur face 
f irm l y . Th e centrifugal load i s then appli ed by means of wires 
a t p oints A a nd 5, the wires b eing connected by means of a 
crosstree b eyond the p ropelle r and a s ingl e wire running over a 
pulley to a suitable weight . For the air load, a weighted wire 
i s fas tened to the clamp and run over a pulley i n such a manner 
tha t the line of f orce passes through the O.P . at the correct 
angle . 
F i gures 2 and 3 are photoGraphs showing the rather crude set-
up for a preliminar y test of the method, using the cl81nps f or ap-
p l y i ng the loads . Sand b a gs were used fo r weights , the cel1tr if-
u ga l f orce totaling about 600 pounds for oJe blaQe of the 2- fo ot 
d i amete r metal model which was under test for a tip speed of 
ab out 600 feet po r s econd . 
Tho def l ection was measured at the end of light alum i num 
po inters which we re jus t 5 inches between points. Tney were fas-
t ened to the prop eller blad e by Deans of slnall rubb er bands . The 
distance betwe en the b ed p l ate and. point ers was measured both 
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with and without load, giving b oth the forward deflection and the 
tw i st . The humps i n the aluminum strips, shown in the photo-
g raphs, we re put in so that the strips would clear the centrifu-
gal fo rce wir es during the tests of the first method in which 
the wires were run through holes in the blade. 
Tests 
Tests were made on the 2- foot model shown in Figures 2 and 3, 
t o obta in the d_ef lection of the p ropeller with loadings repres ent-
ing b ot h the h i gh speed and t a ke- off condit ions for an 8-foot di-
ameter propeller on a 90 HP . ai rp l ane engine. The loads were 
applied b oth by means of holes in the blade and by means of the 
clamps wi th set sc r ews i n order t o obtain a compari'Son of the two 
methods . The a~gles of twist obtained by both methods are plot~ 
ted a gainst rad ius i n F i gure 4, and the forward deflections are 
p lot ted in F i gu re 5. The methods a gree very well consider ing the 
crude nature of the tests. 
It i s hoped tha t in the nea r future more accurate check tests 
wi ll be ~ade against the def l ections found in full-size metal pro-
pel l ers tested i n the n ew 20-foot propeller research tunnel at 
th i s laboratory . I f it is f ound that the statically loaded models 
indicate accurat ely the deflections of actual propellers in ope r-
at ion, thi s method wil l be very useful, and relatively sunple and 
inexpensive, f or studying the deflections of p ropellers of var ious 
shapes under va rious operating condi tions. 
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I Resultant air load 
on segment 
---~~~~~~irection 
c:g.  of travel 
Fig.l-A 
Air load 
Fig . l-B 
Air load 
Methods of load application. 
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Fig. 2 General view of test apparatus. 
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